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High resolution observations of the thermal Sunyaev-Zel’dovich (tSZ) effect are necessary to
allow the use of clusters of galaxies as a probe for large scale structures at high redshifts. With
its high resolution and dual-band capability at millimeter wavelengths, the NIKA camera can
play a significant role in this context. NIKA is based on newly developed Kinetic Inductance
Detectors (KIDs) and operates at the IRAM 30m telescope, Pico Veleta, Spain. In this paper,
we give the status of the NIKA camera, focussing on the KID technology. We then present
observations of three galaxy clusters: RX J1347.5-1145 as a demonstrator of the NIKA capa-
bilities and the recent observations of CL J1226.9+3332 (z = 0.89) and MACS J0717.5+3745
(z = 0.55). We also discuss prospects for the final NIKA2 camera, which will have a 6.5
arcminute field of view with about 5000 detectors in two bands at 150 and 260 GHz.
1 Introduction
The observations of clusters of galaxies, from radio to gamma-ray, have proved to be a powerful
probe of large scale structure formation. Clusters are mainly composed of dark matter (∼ 85%
of their total mass) that drives the gravitational processes. Their baryonic component, mostly
made of hot ionized gas, i.e. the intra cluster medium (ICM), is subdominant but responsible
for more complex physics that can limit their use for cosmology. Consequently, a detailed
characterization of the complex gravitational and non-gravitational processes acting in galaxy
clusters is mandatory not only for a deep understanding of their physics, but also in order to
properly use them as robust cosmological probes. One way of detecting and studying them
is to use the thermal Sunyaev-Zel’dovich (tSZ) effect 18,19. When traveling trough the ICM,
Cosmic Microwave Background (CMB) photons can Compton inverse interact on the energetic
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electrons of the hot gas. This leads to a characteristic spectral distortion of the CMB where
clusters appear as a decrement in the CMB intensity for frequencies below 217 GHz, and as
an increment above (see 3 for a review on the tSZ effect). Recent tSZ observations have been
performed by the South Pole Telescope 7, the Atacama Cosmology Telescope 10 and the Planck
satellite 15,16 leading to large tSZ selected cluster samples. Nevertheless, the relatively poor
resolution of these observations (larger than 1 arcminute) does not allow to probe their inner
structure, especially for intermediate and high redshift clusters. In this context, the New IRAM
KID Arrays (NIKA) will play a significant role in the study of such systems. NIKA is a high
angular resolution imaging camera based on recently developed Kinetic Inductance Detectors
(KIDs). This camera is the prototype of the future larger camera NIKA2. In this proceeding,
we present the status of NIKA, show recent tSZ results, and discuss perspectives for NIKA2.
2 NIKA: a KID based camera at the IRAM 30-m telescope
In order to push the study of galaxy clusters to higher redshifts, tSZ observations require instru-
ments with high sensitivity, high angular resolution and large mapping speed. Since traditional
detectors are already photon noise limited, in particular for ground-based observations, such
goals require the development of large arrays of detectors. Cryogenics constraints impose to
read as many detectors as possible with a single wire to limit the number of dissipative ele-
ments. Kinetic Inductance Detectors (KIDs) offer a promising alternative to other detectors
since they are intrinsically frequency multiplexed. KIDs are high quality superconducting res-
onator. They are made of a capacitor C and an inductance L = Lg + Lk that is the sum of a
geometric and a kinetic part. Absorbed photons of high enough energy can break Cooper pairs
in the material (aluminum). The induced variation in the density of the charge carriers changes
the kinetic part of the inductance that, in turn, leads to a variation of the resonance frequency
of the resonator, f0 =
1
2pi
√
LC
. This frequency shift can be used to monitor the incoming optical
power as both quantities are directly proportional 5.
The New IRAM KID Arrays (NIKA) is a KID based instrument that operates at the
IRAM 30m telescope, Pico Veleta, Spain. It uses Hilbert dual-polarization design LEKID pixels
(Lumped Element KID 9,17) read with the dedicated NIKEL electronics 4. Two arrays of 132
and 224 detectors simultaneously image astrophysical sources with beam FWHM of 18 and 12
arcsecond at 150 and 260 GHz respectively. The NIKA sensitivities have improved continuously
with development and are now reaching state-of-the-art performance at both frequencies (see
11,12,5,6 for more details). NIKA is the prototype of the final camera NIKA2, which will cover a
6.5 arcminute instantaneous field of view with 1000 detectors at 150 GHz and 4000 at 260 GHz.
This future camera will also have polarization capabilities at 260 GHz.
3 Sunyaev-Zel’dovich observations with NIKA
3.1 A dedicated tSZ analysis
In order to recover the diffuse tSZ emission, we make use of the dual-band capability of NIKA
to separate the atmospheric component and the tSZ one. To do so, we take advantage of
their different dependance with the observing frequency ν: the atmospheric noise is roughly
proportional to ν2 while the tSZ signal follows the characteristic spectrum given by
δItSZ
I0
= −y x
4ex
(ex − 1)2
(
4− x coth
(
x
2
))
, (1)
where x = hνkBTCMB is the dimensionless frequency, y =
σT
mec2
∫
Pedl is the Compton parameter
(that gives the amplitude of the tSZ effect integrating the electronic pressure Pe along the line-of-
sigh), TCMB is the CMB temperature. For more details concerning the tSZ mapmaking process,
see 1.
3.2 RX J1347.5-1145
The cluster RX J1347.5-1145 was observed in November 2012 as a demonstrator of the tSZ
capability of a KID based instrument. The left panel of Fig. 1 shows the map at 140 GHz. In
the South-East, a sub-cluster is merging with the main cluster (see for example14,2 and references
therein). This heats the ICM and increases the tSZ signal at about 20 arcsecond on the SE of the
X-ray peak. X-ray contours from XMM photon count are displayed on the map and highlight
the merger. As X-ray emission is proportional to the density squared and depends weakly on
the temperature, we can see the expected tSZ extension on the NIKA map. In order to model
the structure of the cluster, we fit a generalized NFW pressure profile model 13 centered on the
X-ray peak, excluding the southern shocked area and subtract it from the whole map. The best
fit model and the residual are given respectively on the middle and right panel of Fig. 1. Details
on the observation and analysis can be found in 1.
Figure 1 – Left: 140 GHz flux density map of the intermediate redshift cluster (z = 0.45) RX J1347.5-1145. A
∼ 4 mJy radio source is located within 3 arcseconds of the X-ray center, and has been remove in these maps.
XMM X-ray photon counts contours are over-plotted in red. Middle: best fit model map of the northern part
of the cluster. Right: residual map highlighting the overpressure caused by the merger on the south-east of
RX J1347.5-1145. The maps have been smoothed with an 11 arcsecond gaussian filter.
3.3 Observations of February 2014
The two clusters CL J1226.9+3332 and MACS J0717.5+3745, at z = 0.89 and z = 0.55 respec-
tively, have been observed during the first NIKA open pool in February 2014. In both cases,
we detect the clusters with signal to noise of about 15 at 150 GHz. The two maps present
diffuse emission and will be used to study the ICM and the dynamical state of the clusters in a
forthcoming paper. Here, we only show their signal to noise maps in Fig. 2.
Figure 2 – 150 GHz signal to noise map of CL J1226.9+3332 (left) and MACS J0717.5+3745 (right). The clusters
are clearly detected with a peak tSZ decrement reaching a SNR of about 15. The contours are 3, -3, -6, -9 and -12
σ. The maps presents diffuse emission up to more than 1 arcminute radius. The effective beam is shown on the
bottom left part of the maps and accounts for the 13 arcsecond gaussian smoothing and the 18 arcsecond native
NIKA beam, i.e. a total of 22 arcsecond. Note the presence of a foreground galaxy detected on the south-east of
MACS J0717.5+3745.
4 Conclusions and perspectives
The use of galaxy clusters as a cosmological probe will require high resolution tSZ observations.
The NIKA camera has proved to be an instrument capable of such study with the observation
of RX J1347.5-1145 at z = 0.45. Using a gNFW pressure profile model of the cluster, we have
further characterized the cluster ICM and highlighted the merging of a sub-cluster on its south-
east part. We also report observations of the clusters MACS J0717.5+3745 and CL J1226.9+3332
that are respectively a dynamically complex system and a high redshift cluster (z=0.89). The
NIKA2 camera is being built and will replace NIKA in 2015. It will push tSZ studies a step
further. It will enable the characterization of the tSZ morphology of clusters at both large and
small angular scales. NIKA2 will be used to calibrate the tSZ flux as a mass proxy and its
evolution with redshift precisely. It will also help to characterize the dynamical state of clusters
of galaxies.
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